Background: Although analyses of the Orthopaedic In-Training Examination (OITE) subspecialty content domains have been performed, few studies have analyzed the levels of evidence (LoEs) for journal articles used as references to create OITE questions. We present an analysis of reference characteristics and question taxonomy for the hand surgery content domain on the OITE. We aim to determine whether level of evidence (LoE) for hand surgery questions have increased over a 15-year period. Methods: All questions and references in the hand surgery content domain on the OITE from 1995-1997 and 2010-2012 were reviewed. The taxonomic classification was determined for each question. Publication characteristics were defined for each reference, and each primary journal article was assigned a LoE. Results: A total of 129 questions containing 222 references met inclusion criteria: 76 questions from 1995-1997 and 53 from 2010-2012. The
Background
The Orthopaedic In-Training Examination (OITE) is administered by the American Academy of Orthopaedic Surgeons (AAOS) to orthopedic surgery residents. 11 OITE performance has been correlated with American Board of Orthopaedic Surgery (ABOS) Part 1 Examination performance. 8 Hand surgery is 1 of the 11 content domains on the OITE and comprises around 8% of the examination. 12 During the past 10 years, most peer-reviewed orthopedic journals have published the level of evidence (LoE) for original clinical articles. 7, 18, 22 Many of these journals have made an effort to improve the LoE for published articles. 5, 16 Few studies in the literature have specifically addressed the hand surgery content domain on the OITE. In their analysis of clinical management questions on the OITE, Bernstein et al noted that more than two-thirds of these questions were supported by lower LoE. 1 More recent authors have also concluded that the majority of references cited on the 2010-2012 OITE were level IV or level V evidence. 6 We provide an analysis of reference characteristics used to create questions for the hand surgery content domain of the OITE from 1995-1997 and 2010-2012 as well as an analysis of question taxonomy. We aim to determine whether LoE for primary journal articles used as references for hand surgery questions on the OITE have increased over a 15-year period.
Materials and Methods
All questions in the hand surgery content domain on the OITE from 1995-1997 and from 2010-2012 were included.
We omitted all questions that were excluded from official OITE scoring.
We reviewed the list of references provided with the OITE score report for each question and recorded the year that each reference was published. Each reference was categorized as a primary journal article, a journal review article, a textbook, or an instructional course lecture. Three authors reviewed each article and the LoE for each was determined in accordance with the AAOS Levels of Evidence Guidelines. 21 As defined by Bernstein et al, basic science and biomechanical articles were classified as level V evidence. 1 The highest LoE was recorded for each question that cited at least 1 primary journal article. For questions with more than 1 primary journal article in the references, the article with the highest LoE was recorded.
To compare "higher" and "lower" LoE, we defined higher LoE as level I, II, or III studies, and lower LoE were defined as levels IV and V, similar to the methodology used by Bernstein et al. 1 "Source ages" were determined for each provided reference, which we calculated by subtracting the year of the referenced publication from the year that the OITE was administered.
Using the taxonomic classification proposed by Buckwalter et al, questions were classified as type 1 (T1), type 2 (T2), and type 3 (T3). 2 T1 questions involve basic recall of information. T2 questions require examinees to determine an intraoperative problem, interpret an imaging study, or make a diagnosis. T3 questions are the most complex and require the examinee to make management decisions based on clinical vignettes.
Descriptive statistics were utilized to rank the most frequently cited references and to examine the mean age of the references used during each time period. We used chisquare testing to compare the percentages of questions in each time period that referenced at least 1 of each source type, referenced high LoE, and fit each category of the classification system proposed by Buckwalter et al. All statistical analysis was performed using SAS software (SAS 9.3, Cary, North Carolina). Differences of P < .05 were considered statistically significant.
Results
A total of 129 questions containing 222 references met inclusion criteria. Five questions were omitted from the examination and were thus excluded from our analysis. In total, 76 questions were from the 1995-1997 OITE and 53 were from 2010-2012 OITE. The Journal of Hand Surgery American and European Volumes (JHS), the Journal of Bone and Joint Surgery American and British Volumes (JBJS), and the Journal of the American Academy of Orthopaedic Surgeons (JAAOS) were the most frequently cited journals overall. JHS remained the most frequently cited journal in both time periods (Table 1 ). As noted in Table 2 , recent examinations were more likely to cite multiple sources, with 100% of questions on the 2010-2012 citing 2 or more sources (P < .0001). Recent examinations were also more likely to cite 2 or more primary journal articles and 2 or more journal review articles compared with the 1995-1997 examinations (P = .002, P = .001, respectively). The mean age of all sources was 8.6 years ( Table 3 ). The 2010-2012 OITE did not cite more recent sources compared with the 1995-1997 OITE when comparing all source types, primary journal articles only, or journal review articles only (P = 0.32, P = 0.64, P = 0.31, respectively).
With respect to the question taxonomy for the hand surgery content domain on the OITE, the change in the distribution of the Buckwalter classification was statistically significant (P = .02). A total of 51% of hand questions on the 2010-2012 OITE were classified as T3 compared with 44% on the 1995-1997 examinations. The percentage of T2 decreased as well, comprising only 9% of hand questions of the 2010-2012 OITE ( Table 2) .
There was a statically significant increase in the LoE used to create hand questions on the 2010-2012 OITE compared with the 1995-1997 examinations. These results are outlined in Table 4 . A total of 21% of questions on the 2010-2012 OITE cited level I to III evidence ("higher" LoE) compared with 7% on the 1995-1997 OITE (P = .016). When independently analyzing primary journal articles used as references, 25% of the 2010-2012 articles cited level I to III evidence compared with 10% of the 1995-1997 articles. 
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Discussion
The AAOS administers the OITE yearly to orthopedic surgery residents. 11 Although it is not a validated examination, OITE performance has been correlated with ABOS Part 1 Examination performance and thus is an important component of resident education. 8 During the past 10 years, most peer-reviewed orthopedic journals have published the LoE for original clinical articles, 7, 18, 22 and many journals have made an effort to improve the LoE for published articles. 5, 16 Few studies in the literature have specifically addressed the hand surgery content domain on the OITE or LoE on the examination. 1, 4, 6 We performed an analysis of the reference characteristics, question taxonomy, and LoE for primary journal articles used to create hand content domain questions over a 15-year period. There are some notable limitations of our study. We chose to include only questions in the hand surgery content domain. Other domains such as musculoskeletal trauma and basic science frequently test hand surgery concepts. In choosing to analyze only hand surgery questions, it is possible that our results may not be generalizable to other content domains. A recent analysis of the musculoskeletal trauma content domain has been completed and found a similar increase in LoE; however, further study of other subspecialties needs to be completed. 4 In addition, it is possible that the authors of the OITE questions cited articles with lower LoE or textbooks when articles with higher LoE existed for a given topic. There appears to be a benefit in reviewing general orthopedic journals in addition to subspecialty journals for OITE and ABOS Part I preparation. JBJS, JAAOS, and Clinical Orthopaedics and Related Research (CORR) were all within the top 5 most frequently cited journals overall for both time periods. These findings have been echoed by other authors. In their study of OITE questions involving the hand or forearm from 2002 to 2006, Marker et al noted that the most frequently referenced journals were JBJS (American Volume), JBJS (British Volume), and CORR. 12 Our data suggest that structured residency journal reviews of general and subspecialty publications may be beneficial in preparation for the OITE and ABOS Part 1 Board Examination, particularly those published within the past decade as the mean source age for references on the 2010-2012 OITE was 8 years. Although many factors contribute to success on written examinations, Miyamoto et al noted a correlation between successful OITE performance and frequent review of current orthopedic journals. 13 Within the hand surgery content domain, there appears to be a shift toward clinical management questions as 51% questions on the 2010-2012 OITE were classified as T3. Previous authors, in analyzing subspecialty questions prior to 2010, noted that basic recall questions (T1) were the most common for the shoulder and elbow, sports medicine, basic science, and adult reconstruction content domains. 3, 14, 17 Further study would be required to determine whether this trend toward management-based questions will continue or whether it is applicable to other subspecialty areas.
The LoE for questions within the hand surgery content domain on the OITE have increased over a 15-year period. Although the majority of primary journal articles cited on the examination were level IV or V studies, the improving LoE appears to mimic the increasing LoE found in general and subspecialty orthopedic journals. To et al analyzed the 50 most cited hand surgery articles since 1990 and found that 38% were level IV, 20% were level I, 16% were level III, and 4% were level II. 19 In contrast, Lefaivre et al found no randomized, controlled trials within the 100 most frequently cited articles in orthopedics with 55% level IV studies. 9 It appears that the hand surgery literature has shifted toward publishing studies with improved LoE, and the OITE is reflecting this improvement. Despite an overall improvement in LoE within the hand literature, there remains a relative lack of level I studies. Although there was an increase in the number of level I publications from 2.8% in 1991 to 3.9% from 2008 to 2011, there remains a paucity of randomized, controlled trials in the hand surgery literature. 15 An examination consisting only of questions derived from level I studies would not adequately reflect the sum of hand surgery knowledge: Elements of clinical practice rely on basic science, an understanding of biomechanics, and expert opinion. For example, of the 29 recommendations in the 2010 AAOS Clinical Practice Guidelines for the treatment of distal radius fractures, none contains a "strong" recommendation grade meaning that no recommendation has more than 1 level I study with consistent findings. 10 As it has been demonstrated that level 1 studies have a quicker route to publication, it is likely that LoE will continue to improve in peer-reviewed orthopedic journals. 20 When reviewing journals, the presence of higher LoE studies may warrant closer scrutiny as it is becoming more likely that these studies may be referenced on the OITE. In addition, our results can be used as a guide to help prepare orthopedic residents for the OITE and suggest that reviewing both general and subspecialty journals may be beneficial for examination preparation.
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